T he southern Great Plains is an area often characterized by severe drought and extreme temperatures during summer. A bimodal pattern of precipitation with peaks in the spring and autumn is the base for primary (forage) and secondary (animal) production for agroecosystems throughout the region (Malinowski et al., 2009) . Winter annual crops such as wheat (Triticum aestivum L.) dominate this region, covering approximately 6.5 million ha (Pinchak et al., 1996) . The use of wheat as a dual-purpose crop, providing livestock forage during winter and a grain crop in summer is common practice in Texas, Oklahoma, and southern Kansas. However, the reliability in the timing of autumn rains can delay plantings, resulting in a lack of suitable forage for grazing livestock in winter and early spring (Malinowski et al., 2005) . Grazing must also be terminated on winter wheat usually in late February or early March to produce a grain crop, thus creating a forage gap until late spring when warm-season species such as bermudagrass [Cynodon dactylon L. (Pers.)] can be grazed (Reuter et al., 1999) . The lack of suitable land or the equipment necessary for cultivation may also make the planting of annuals for winter forage a poor option for livestock producers (Bartholomew et al., 2014 ). An alternative is the use of introduced perennial cool-season grasses for the production of high-quality forage to complement or replace the planting of winter annuals (Reuter and Horn, 2002) . Perennial cool-season grasses are a reliable option that could save producers $100 ha -1 yr -1 annually when compared to wheat (Redmon, 1997) . The use of perennial cool-season grasses can reduce soil erosion and water runoff (Brady and Weil, 1996) and limit the water evaporation from the soil during summer (Hanselka et al., 1994) . Perennial cool-season grasses can also contribute to soil health by improving the overall physical and chemical properties of the soil (Dormaar et al., 1995) .
The persistence and productivity of traditionally cultivated perennial cool-season grasses are diminished by the stress of summer drought when cultivated at the edge of their range of adaptation in the southern Great Plains (Redmon, 1997; Nielsen-Gammon et al., 2005; Hopkins and Bhamidimarri, 2009; Bhamidimarri et al., 2012) . These grasses generally originated from germplasm in central and northern Europe or environments where moisture deficits and extreme heat do not regularly occur (Barnes et al., 1995; Hopkins and Bhamidimarri, 2009; Malinowski et al., 2009) . These ecotypes are referred to as continental or summer active (SA) and exhibit a combination of mechanisms such as avoidance, tolerance, and recovery in drought-stressed environments (Arraudeau, 1989) . However, recovery or the initiation of regrowth after summer rain events can often result in high tiller mortality (Volaire et al., 1998) . This limits the potential to replace or complement dualpurpose wheat because of poor stand persistence or low productivity early in the growing season when compared to winter annuals (Malinowski et al., 2003) . However, some ecotypes of perennial cool-season grasses including tall fescue [Lolium arundinaceum (Schreb.) Darbysh.], orchardgrass (Dactylis glomerata L.), and hardinggrass (Phalaris aquatic L.) have adapted to both continental and mediterranean climates. Ecotypes of these grasses cease growth and become dormant in response to environmental cues that typically occur in mediterranean climates during the summer. The same summer conditions often occur throughout the southern Great Plains. The cues could include photoperiod, heat, and water stress (Hopkins and Bhamidimarri, 2009; Bhamidimarri et al., 2012) . These ecotypes are referred to as mediterranean or summer dormant (SD) and usually break dormancy in early autumn in response to one or more variables such as photoperiod, an increase in soil moisture, and/or lower soil temperatures (Hopkins and Bhamidimarri, 2009) .
Reliable precipitation and heat have been major limitations to the adaptation of a cool-season perennial forage by producers west of 97° longitude in Oklahoma and Texas. Tall fescue, a major focus of Noble's perennial grass breeding program, generally needs at least 950 mm of rainfall for production and persistence in the southern Great Plains. Historically, this type of rainfall occurs east of 97° W in Oklahoma and Texas. The hot and dry summers common to Noble's western service areas can reduce or cause complete stand loss with perennial cool-season forages like SA tall fescue. However, SD types of tall fescue offer superior persistence in marginal environments beyond the normally accepted range of SA types (Pecetti et al., 2007; Rogers et al., 2014; Brummer and Trammell, 2016) . Therefore, joint breeding efforts were begun to develop SD-type cultivars for the southern Great Plains. From this effort, Chisholm (Reg. No. CV-102, PI 686938) tall fescue, also tested under the experimental designations NFTF 1700 and NFTF 1700 nil, was developed and released in 2016 for its improved persistence under grazing compared with the SD endophyte [Epichloë coenophiala (Morgan-Jones & W. Gams) C.W. Bacon & Schardl]-free cultivars 'Flecha' and 'Prosper'. Here we describe the development of Chisholm tall fescue, a SD, endophyte-free cultivar capable of producing high-quality pasture suitable for grazing livestock from autumn through spring before entering summer dormancy, thereby providing producers a perennial feeding option to replace or complement dual-purpose wheat pastures.
Methods

Selection and Breeding
In November 2004, a grazing persistence trial consisting of various experimental and commercial SA and SD tall fescues was established at Noble's Red River farm located at Burneyville, OK (33.53° N, 97 .15° W; elevation 221 m) on a Eufaula loamy sand (siliceous, thermic Psammentic Paleustalfs). The trial consisted of 10 replications of 1.5-by 6.1-m seeded sward plots. In spring 2010, 25 g of NFTF 1700 E+ seed from each of the 19 half-sib families was treated with heat and humidity to remove any viable endophyte (Bouton et al., 1993) . This heattreated seed was used to establish approximately 150 plants of each half-sib family in the greenhouse. At the three-leaf stage, DNA was extracted from the pseudostem of each plant and tested using polymerase chain reaction with primers specific to the endophyte tefA gene (translation elongation factor 1-a) (Moon et al., 2004 ) using the method described by Takach et al. (2012) to verify the endophyte status. Any plants determined to be endophyte positive were removed. The remaining endophyte nil plants were transplanted in a polycross nursery in fall 2010 at Noble's Dupy Farm located at Gene Autrey, OK (34.17° N, 96.58° W; elevation 223 m) on a Dale silt loam (fine-silty, mixed, superactive, thermic Pachic Haplustoll). The nursery consisted of 19 rows, with each row representing a half-sib family. Nursery rows were spaced 1.0 m apart with plants on 0.3-m centers within the rows. In spring 2011, plants within each half-sib row were visually scored for growth and number of reproductive tillers (score of 1 to 10, where 1 = poor plant growth and low number of reproductive tillers and 10 = excellent plant growth and high number of reproductive tillers) and any undesirable plants (score <7) were removed from the nursery before anthesis. At pollination, each half-sib family contributed the following number of endophyte-free plants: no. 1 (30), no. 2 (10), no. 3 (49), no. 4 (135), no. 5 (90), no. 6 (29), no. 7 (49), no. 8 (42), no. 9 (15), no. 10 (49), no. 11 (38), no. 12 (9), no. 13 (43), no. 15 (15), no. 16 (25), no. 17 (17), no. 18 (98), no. 19 (10), and no. 20 (75) . In summer 2011, seed was harvested by half-sib families, verified to be endophyte nil using polymerase chain reaction using the aforementioned method, and then bulked equally across families to produce the Syn-1 seed of NFTF 1700 nil. This generation of seed was designated as pre-breeder seed and will be stored at Noble for the life of the cultivar. The Syn-2 generation was then produced in isolation at Noble's Unit 3 farm (34.10° N, 97.05° W; elevation 240 m; Konsil loamy fine sand [fine-loamy, siliceous, active, thermic Ultic Paleustolfs]) from the Syn-1 seed in 2012; this generation is now designated as breeder seed. Syn-3 seed was produced from Syn-2 breeder seed in Frederick, OK (34.23° N, 99.00° W; elevation 398 m; Tillman clay loam [fine, mixed, superactive, thermic Vertic Paleustolls]) in 2017 and is now designated as foundation seed.
Evaluation
Morphological characteristics were collected on individual plants (n = 100) from the SA, endophyte-free tall fescue cultivars 'AU Triumph', 'Fawn', and 'Forager' and from the SD, endophyte-free cultivars Flecha, Prosper and Chisholm. Data were also collected from the SA tall fescue cultivar Kentucky 31 (infected with native toxic strain of endophyte). Trials were established at Vashti, TX, on 30 Oct. 2013 and Ardmore and Gene Autrey, OK, on 29 and 30 Sept. 2014, respectively. The experimental design at each location was a randomized complete block design (RCBD) with 10 replications. Each plot of each entry within each replication consisted of a row of 10 plants planted on 0.75-m centers with 1.0 m between plots and rows. Heading data was determined as the day of year from 1 January when three or more heads were fully emerged from the flag leaf. Plant height, flag leaf height, length, and width, tiller leaf (defined as the first leaf subtending the flag leaf) length and width, and panicle length were all measured on the heading date. Approximately 10 panicles were collected from each plant at seed maturity and dried. Seed was threshed using a rubbing board, sieved with a 1.98-by 0.75-mm (5/64-by 3/4-in) grain dockage screen (Seedburo Equip. Co.) and then blown with an air separator (SeedTech Systems) to remove any chaff to determine 1000-count seed weight for in-hull seed only. All data were analyzed using general linear model analysis (PROC GLM; SAS Institute, 2012 
Plot sizes were 1.5 by 6.1 m at all locations, except for Woodward, where plot sizes of 1.5 by 7.6 m were established. Seeding rates were 17.0 kg pure live seed (PLS) ha -1 at all locations. The experimental design was a RCBD with four replications, except for the Woodward site, which had five replications. At the Ardmore and Vashti sites, grazing trials received a single application of ammonium nitrate (N-P-K, 34-0-0) at the rate of 46 kg N ha -1 at the time of sowing. Ammonium nitrate (N-P-K, 34-0-0) was applied to yield trials at both the Ardmore and Woodward sites and the Vashti site at the rate of 46 kg N ha -1 during the early fall of each harvest year. For the yield trials established at Ardmore and Vashti sites, an application of 2,4-D (2, 4 D-dichlorophenoxyacetic acid) low volatile ester was applied at the rate of 1.12 kg a.i. ha -1 to control broadleaf weeds in the spring following establishment.
A stubble height of 10 cm or less was maintained by grazing and mowing for all plots in the persistence trials at both Ardmore and Vashti beginning in spring 2012. Stand counts were taken in early spring using a grid method (Hopkins, 2005) . Yield data from each location were taken with a sickle bar plot harvester (Hege Equipment) at a height of approximately 7 cm. Subsamples were collected from each plot during the time of harvest and dried in a forced air oven at approximately 60°C to determine dry weight. All plot yields were adjusted to a dry weight basis and included sample weights. Forage compositional analysis was estimated using the Model 6500 near-infrared spectrometer (NIRS) (FOSS NIR Systems Inc.) using the grass hay prediction equation developed by the NIRS Forage and Feed Testing Consortium in Hillsboro, WI (https://www.nirsconsortium.org/) from the dried subsamples collected from each location during each harvest. Dried subsamples were prepared for scanning by grinding to a uniform particle size of 1 mm using a Wiley mill (Thomas-Wiley Laboratory Mill, Thomas Scientific).
A grazing experiment was conducted during the 2013 to 2017 grazing seasons at Noble's Headquarters Farm located in south-central Oklahoma (34°10¢ N, 97°10¢ W; elevation 266 m). The soil type of the experimental site was a Heiden clay (fine, montmorillonitic, thermic Udic Chromusterts) with average pH of 6.2 and organic matter of 31 g kg -1 . At the beginning of the study, the average soil P, K, Ca, and Mg were 32, 171, 4690, and 572 mg kg -1 , respectively. The experiment was a completely randomized design with three pasture replicates (0.81 ha). Flecha and Chisholm SD tall fescue were planted in mid-September 2013 at 17 kg PLS ha -1 . Conventional N fertilizer (urea-ammonium sulfate blend; N-P-K, 34-0-0) was applied at a rate so that a total of soil residual N plus fertilizer N would equal 112 kg N ha -1 for each paddock. Grazing was initiated when forage mass was sufficient (>2.0 Mg dry matter ha -1
) and was terminated when forage mass was limiting (<1.0 Mg dry matter ha -1 ) or when forage nutritive value was so low as to limit animal gains. The goals for maintaining sufficient forage mass were to manage pasture quantity and quality to maximize total gain, to avoid forcing the steers to graze low-quality forage, and to avoid within-year variation in forage allowance among experimental units. Expected net return was calculated as gross revenue minus total production costs. Revenue was calculated as live weight gain multiplied by the value of gain. Total live weight gain was calculated as total number of grazing days of both tester and grazer animals multiplied by the average daily gain of the tester steers. Value of gain was calculated using the difference of the sell price multiplied by sell weight minus purchase price multiplied by initial purchase weight divided by the difference of sell weight and purchase weight. Production costs included tillage, seedbed preparation, seed cost, fertilizer, pesticides, and interest on operating expenses.
Characteristics
Morphological Characteristics
Chisholm is a synthetic developed from phenotypic selections for persistence from the cultivar Flecha, a perennial and forage type tall fescue of Tunisian parentage. Chisholm belongs to the mediterranean or SD ecotype of tall fescue, which is characterized by productive growth in mild winters and dormancy in dry, hot summers, typical of the southern Great Plains. Chisholm has a semi-erect growth habit and green stem and leaf color, predominantly Royal Horticultural Society color chart scores 137A and 137B. Chisholm tall fescue seed is also endophyte-free.
Overall, morphological traits for Chisholm were consistent across sites (Tables 1 and 2 CV % 1.3 14.9 6.6 5.0 6.7 6.0 7.5 4.5 LSD (0.05) 1.5 0.7 7.1 2.8 1.3 0.3 2.0 0.3 † SA = summer active; SD = summer dormant. ‡ Day of heading from 1 January. § Score of 1-9, where 1 = prostrate, and 9 = very erect. ¶ Defined as the first leaf subtending the flag leaf.
mm) than plants of Flecha (Table 2) . Seed of Chisholm has significantly (p < 0.05) wider lemmas and is heavier, as indicated by 1000 seed weight, on average by 218 and 214 mg compared with seed of Flecha and Prosper, respectively (Table 2) . About 19% of Chisholm seeds have awns that are approximately 1.4 mm in length. Flag and tiller leaf widths of Chisholm plants are significantly more narrow (p < 0.05) compared with the SA cultivars AU Triumph, Fawn, Forager, and Kentucky 31 (Table 1) . This morphological variant is a commonly observed between SD and SA types of tall fescue. Chisholm, Flecha, and Prosper all produced significantly lighter (p < 0.05) seed compared with SA cultivars (Table 2) , another commonly observed variant between SA and SD types of tall fescue.
Establishment
Germination of Chisholm and Flecha SD tall fescue seed is reduced at high temperatures (Butler et al., 2017) ; therefore, it is critical to delay planting until late September when soil temperatures are favorable for germination. Butler et al. (2008) recommended that annual weeds be controlled in spring before planting to eliminate seed production of winter annual grasses, in addition to glyphosate in the autumn to control emerged weeds prior to establishment. They concluded that seed should be drilled at 17 kg PLS ha -1 into a stale seedbed in late September to early October to provide the best opportunity for SD tall fescue to establish.
Agronomic Performance
When tested in small plot grazing trials for persistence in southern Oklahoma and north Texas from 2011 to 2016, ns ns 1.9 1.0 0.9 125 † SA = summer active; SD = summer dormant. ‡ Score of 1-9; where 1 = narrow, 5 = ovate, 7 = oblong, and 9 = other. § Score of 1-9; where 1 = nodding and 9 = erect. ¶ ns, nonsignificant.
final stands of Chisholm were 15 and 30% greater those of the SD cultivars Flecha and Prosper across all locations (Table  3) . Final stands of Chisholm were 78% greater on average compared across sites to Kentucky 31 and Texoma MaxQ II (Table 3) . Precipitation during the grazing season, September through May, was 73 and 79% below normal during the 2013 and 2016 -2017 seasons, respectively. The 2014 -2015 and 2015 -2016 ) assuming value of gain at $0.80 and stand life amortized over 10 yr. Chisholm did not differ from Flecha in average daily gain, total gain, grazing days, or net return (data not shown).
Small plot yield trials conducted in Oklahoma and Texas during 2012 to 2016 revealed no consistent differences in yearly or average forage yields over 3 yr when Chisholm was compared with SD cultivars Flecha or Prosper (Table 4) . At the Ardmore location, the SA cultivars Kentucky 31 and Texoma MaxQ II produced significantly more (p < 0.05) forage over 3 yr compared with the SD types (Table 4) . However, stands of Kentucky 31 and Texoma MaxQ II were severely depleted (<5%) or died at Vashti, a test site located west of 97° W, resulting in no forage production after 2012 (Table 4) . At Woodward, another test location west of 97° W, the forage yield of Chisholm was 1134 kg ha -1 more than yields of Kentucky 31 in 2014 and numerically greater yielding compared with Texoma MaxQ II (Table 4) due to thinning stands for both SA cultivars. Similar results due to depleted stands or stand death of SA tall fescue types in areas that receive an average of 890 mm of yearly rainfall or less were also reported by Malinowski et al. (2009) and Rogers et al. (2014) . Chisholm had significantly greater (p < 0.05) crude protein concentration compared with SD cultivars Flecha and Prosper and SA cultivars Kentucky 31 and Texoma MaxQ II (Table 5) . No significant differences for in vitro true dry matter digestibility were noted, but in vitro true dry matter digestibility was numerically greater (higher number desirable) in forage of Chisholm compared with Flecha (Table 5 ). When plots were visually scored an average of 57 d after sowing, Chisholm seedlings scored significantly greater (0.9) in vigor than Flecha or Prosper seedlings when averaged across all sites (Table 6 ). 
Availability
Application for US Plant Variety Protection will be made for Chisholm tall fescue. Seed of Chisholm has been deposited in the USDA-ARS National Center for Genetic Resources Preservation, where it will be available for distribution 20 years from the date of publication. Chisholm tall fescue is licensed for commercial production and sales to Warner Brothers Seed Company, Lawton, OK. 0.4 † SA = summer active; SD = summer dormant. ‡ Score of 0 to 5; where 0 = no germination, and 5 = most vigorous seedling growth. Plots scored an average of 57 d after sowing.
